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Description 



[PRINTHEAD CONTROLLER AND INK JET 
PRINTER] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93109684, filed on April 8, 2004, the 
full disclosure of which is incorporated herein by refer- 
ence. 

Background of Invention 
[0002] Field of the Invention 

[0003] This invention generally relates to a printhead controller, 
and more particularly to a printhead controller of an ink 
jet printer. 

[0004] Description of Related Art 

[0005] Computers are widely used in the present era. In addition 
to displaying the data or images processed by the com- 
puter on the display, there are several ways to output the 
data or images. A printer is one of the most common out- 



put devices which can output the text, data, graphics, etc. 
on the papers. 

[0006] Currently, the printers can be classified into dot-matrix 
printers, ink jet printers, and laser printers. Each of these 
three printers has its own advantages. Hence, users can 
choose different printers based on their need. 

[0007] a cartridge installed in a printer can contain ink with one 
or more different colors. The cartridge jets out the drops 
of ink, via the nozzles onto the paper to form the text, 
line, or graphics. Some photo ink jet printers even have 
the cartridges with pink or pink blue ink for printing im- 
ages with more colors. 

[0008] FIG. 1 is an inkjet drive circuit disclosed in the U.S. Patent 
No. 6,299,292. As shown in FIG. 1, the drive circuit in- 
cludes 16 printhead arrays 105. Each printhead array 105 
includes 13 heaters H. After the decoder 109 receives the 
print command, it will send out the address decoding sig- 
nal of the printhead based on the print command to heat 
up the heaters H corresponding to the specific addresses 
so that the ink will be heated and jetted out via the noz- 
zle. 

[0009] The decoder 109 will send out the printhead array address 
signals AD1-AD16 and the heater address signals 



A1-A13. The printhead array address signals AD1-AD16 
will determine which printhead array 105 will be driven. 
The heater address signals A1-A13 will determine which 
heater H in the specific printhead array 105 will heat the 
ink. The first terminal of the heater H receives the voltage 
signal V and the second terminal of the heater H will be 
controlled by two switches to determine whether current 
passes through that heater. These two switches comprise 
MOSFETs 101 and 103. The gate of the MOSFET 103 re- 
ceives the printhead array address signal; the source 
(when the MOSFET is a CMOS) receives the heater address 
signal. When the source and the gate of the MOSFET 103 
are enabled at the same time, the drain (when the MOSFET 
is a CMOS) will generate current signal and send it to the 
gate of the MOSFET 101. At the time the source-drain of 
the MOSFET 101 will be turned on when the voltage signal 
V is supplied, and the heater H will heat the ink and the 
ink is ready to be jetted out. 
[0010] FIG. 2 is the inkjet drive circuit disclosed in the U.S. Patent 
No. 5,867,183. As shown in FIG. 2, the inkjet drive circuit 
includes the inkjet printhead drive unit 201 and the print- 
head ink output units 211 and 213. The inkjet printhead 
drive unit 201 includes the inkjet printhead drive circuit 



203 and the printhead selection circuit 205. The inkjet 
printhead drive circuit 203 outputs a set of bus control 
signals 207 and the printhead selection circuit 205 out- 
puts a set of bus selection signal 209 selectively to enable 
one of the printhead ink output units. The control signals 
207 and the corresponding selection signal will determine 
whether to enable the nozzles of one of the printhead ink 
output units. 

1 ] The printhead ink output unit 211 includes the enable cir- 
cuit 215, the nozzle jetting circuits 225-231 and the noz- 
zle 233. The enable circuit 215 includes a plurality of 
MOSFETs 217, 219, 221 and 223. The drain (current in- 
put) of each MOSFET will receive the corresponding con- 
trol signal in the bus control signal set 203. The gate 
(command input) of each MOSFET will receive the corre- 
sponding selection signal in the bus selection signal set 
209. When the drain and the gate of the same MOSFET are 
enabled at the same time, the source (output terminal, 
current output) will generate a current signal to drive the 
coupled nozzle jetting circuit. For example, the MOSFET 
217 is coupled to the nozzle jetting circuit 225 and the 
MOSFET 219 is coupled to the nozzle jetting circuit 227. 
Then the nozzle jetting circuit will jet out the ink out of 



the nozzle 223. The printhead ink output unit 213 works 
the same as the printhead ink output unit 211. 
Summary of Invention 



[0012] The present invention is directed to a printhead control 
circuit using one or more control signals to control the 
enable status of the nozzle in order to determine whether 
or not to jet out the ink. 

[0013] The present invention is directed to an ink jet printer us- 
ing the same control signals to drive the printhead control 
circuits in the cartridges in order to determine whether to 
jet out the ink. 

[0014] one or part or all of these and other features and advan- 
tages of the present invention will become readily appar- 
ent to those skilled in this art from the following descrip- 
tion wherein there is shown and described a preferred 
embodiment of this invention, simply by way of illustra- 
tion of one of the modes best suited to carry out the in- 
vention. As it will be realized, the invention is capable of 
different embodiments, and its several details are capable 
of modifications in various, obvious aspects all without 
departing from the invention. Accordingly, the drawings 
and descriptions will be regarded as illustrative in nature 
and not as restrictive. 



[0015] According to an embodiment of the present invention, the 
printhead controller comprisesa buffer circuit for receiving 
an address signal and a selection signal and an ink jetting 
circuit for receiving the buffer signal and determining 
whether to jet out ink based on the buffer signal. The 
buffer circuit is adapted for outputting a buffer signal 
corresponding to the selection signal. 

[0016] | n an embodiment of the present invention, the address 
signal is a working driving voltage of the buffer circuit. 
The buffer circuit includes a plurality of inverters con- 
nected in series. The inverters comprise, for example, 
FETs. 

[0017] | n an embodiment of the present invention, the buffer cir- 
cuit includes a first resistor having a first terminal for re- 
ceiving the address signal; a first FET having a first termi- 
nal being coupled to a second terminal of the first resistor 
for outputting an inverted signal, a third terminal being 
coupled to a ground, and a second terminalof the first FET 
for receiving the selection signal; a second resistor having 
a first terminal for receiving the address signal; and a sec- 
ond FET having a first terminal being coupled to a second 
terminal of the second resistor for outputting the buffer 
signal, a second terminal of the second FET for receiving 



the inverted signal and a third terminal of the second FET 
being coupled to the ground. 

[0018] The present invention provides an ink jet printer compris- 
ing a printhead drive unit including a printhead drive cir- 
cuit and a printhead selection circuit. The printhead drive 
circuit is adapted for outputting a plurality of address sig- 
nals, and the printhead selection circuit is adapted for 
outputting a plurality of selection signals. The printhead 
module deposed within the printer comprises a plurality 
of printhead control units. Each printhead control unit is 
adapted for receiving the plurality of address signals and 
the selection signal corresponding to the printhead con- 
trol unit for controlling the enable status of the heaters or 
transducers corresponding to the nozzles in the printhead 
control unit to determine whether or not to jet out the ink. 

[0019] | n an embodiment of the present invention, each of the 
printhead control units includes a plurality of buffer cir- 
cuits, a plurality of ink jetting circuits and a plurality of 
nozzles. Each of the plurality of buffer circuits is adapted 
for receiving an address signal and a selection signal. 
Each of the plurality of buffer circuits is adapted for out- 
putting a buffer signal corresponding to the selection sig- 
nal. Each of the plurality of ink jetting circuits is adapted 



for receiving the buffer signal and determining whether or 
not to jet out ink based on the buffer signal. Each of the 
plurality of nozzles corresponds to one of the plurality of 
ink jetting circuits for jetting out the ink. The heater or 
transducer corresponding to each nozzle is coupled to the 
corresponding ink jetting circuit for adding pressure or 
vaporize the ink for jetting out ink. 
[0020] | n |jght of the above, the printhead controller of the 

present invention can use a plurality of serial-connected 
inverters to constitute a buffer circuit for receiving one or 
more control signals to control the enable status of the 
nozzle in order to determine whether or not to jet out the 
ink. 

Brief Description of Drawings 

[0021] FIG. 1 is a circuit diagram of a traditional inkjet drive cir- 
cuit. 

[0022] FIG. 2 is another circuit diagram of a traditional inkjet 
drive circuit. 

[0023] FIG. 3 is a circuit diagram of a printhead controller in ac- 
cordance with an embodiment of the present invention. 

[0024] FIG. 4 is a circuit diagram of a buffer circuit in accordance 
with an embodiment of the present invention. 

[0025] FIG. 5 is a circuit diagram of a buffer circuit in accordance 



with another embodiment of the present invention. 

[0026] FIG. 6 is a circuit diagram of a buffer circuit in accordance 
with still another embodiment of the present invention. 

[0027] FIG. 7 is a circuit diagram of a buffer circuit in accordance 
with further still another embodiment of the present in- 
vention. 

[0028] FIG. 8 is a block diagram of an ink jet printer in accor- 
dance with an embodiment of the present invention. 

[0029] FIG. 9 is a block diagram of an ink jet printer in accor- 
dance with another embodiment of the present invention. 
Detailed Description 

[0030] FIG. 3 is a circuit diagram of a printhead controller in ac- 
cordance with an embodiment of the present invention. As 
shown in FIG. 3, the printhead controller includes the 
buffer circuit 301 and the ink jetting circuit 303. The 
buffer circuit 301 includes the inverters 305 and 307 con- 
nected in series. The working driving voltages of these 
two inverters are controlled by the same address signal 
Al. The input terminal of the inverter 305 receives and in- 
verts the selection signal SEL. Then the inverter 305 out- 
puts the inverted signal via the output terminal of the in- 
verter 305 to the inverter 307. After the inverse operation 
by the inverter 307, the buffer signal is outputted from 



the output terminal of the inverter 307 to the ink jetting 
circuit 303 via the transmission line 317. 

[0031] The ink jetting circuit 303 includes, for example, but is 
not limited to, two MOSFETs 309 and 311. The gates of 
the MOSFETs 309 and 311 receive the buffer signal form 
the inverter 307. When the buffer signal received by the 
ink jetting circuit 303 is at the high voltage level, the 
MOSFETs 309 and 311 are turned on and the heaters H 
will heat the ink up depending on the status of voltage VI 
and V2 for jetting ink out via the nozzle of the cartridge. 
In this embodiment, the buffer signal received by the ink 
jetting circuit 303 is the voltage signal. In other words, 
the on/off of MOSFETs in the ink jetting circuit 303 de- 
pends on the voltage level. The MOSFETs can also be 
driven by current by adding a resistor on the transmission 
line 317 and coupling it to the ground. 

[0032] FIG. 4 is a circuit diagram of a buffer circuit in accordance 
with an embodiment of the present invention. As shown in 
FIG. 4, the buffer circuit includes two inverters 305A and 
307A. The inverter 305A includes the MOSFET Fl and the 
resistor Rl, and the inverter 307A includes the MOSFET F2 
and the resistor R2. The driving voltage of these two in- 
verters is controlled by the address signal Al. The gate of 



the MOSFET Fl of the inverter 305A is coupled in series 
with the resistor R3 and then coupled to the ground. The 
gate of the MOSFET Fl receives the selection signal SEL to 
determine whether or not to turn on MOSFET Fl in order 
to output the corresponding inverted signal. The gate of 
the MOSFET F2 of the inverter 307 receives the inverted 
signal and then outputs the corresponding buffer signal in 
order to determine the subsequent operation of the cir- 
cuit. In this embodiment, as shown in FIG. 4, the resistors 
Rl and R2 range from 0.5kO to 500kO. The preferred re- 
sistance of the resistors Rl and R2 range from 20kQ to 
80kQ. The resistors R3 and R4 range from lkQ to 500kD. 
The preferred resistance of the resistors Rl and R2 ranges 
from 20kQ to 80kQ. 
[0033] FIG. 5 is a circuit diagram of a buffer circuit in accordance 
with another embodiment of the present invention. As 
shown in FIG. 5, the buffer circuit includes two inverters 
305B and 307B, each of which consists of MOSFETs. The 
inverter 305B includes the MOSFETs F3, F4 and F5 con- 
nected in series; the inverter 307B includes the MOSFETs 
F6 and F7. The difference between this embodiment and 
the embodiment in FIG. 4 is that buffer circuit in this em- 
bodiment can receive two selection signals SEL1 and SEL2. 



The inverter 307B then outputs the corresponding buffer 
signal based on the statuses of these two selection signals 
SEL1 and SEL2. 

[0034] | n t he inverter 305B, the drain and the gate of MOSFET F3 
are coupled to each other to form the drain feedback. The 
drain receives the address signal Al; the source is cou- 
pled to the drain of MOSFET F4 and outputs the inverted 
signal. The gate of MOSFET F4 receives the selection sig- 
nal SEL1; the source of MOSFET F4 is coupled to the drain 
of MOSFET F5. The gate of MOSFET F5 receives the selec- 
tion signal SEL2; the source of MOSFET F5 is grounded. 
When one of the selection signals SEL1 and SEL2 is at the 
low voltage level, one of the MOSFETs cannot be turned 
on. Hence, the inverted signal is at the high voltage level. 
On the other hand, when both of the selection signals 
SEL1 and SEL2 are at the high voltage level, the inverted 
signal is at the low voltage level. The MOSFET F3 in the in- 
verter 305B can be replaced by the resistor Rl in FIG. 4. 
Further, in this embodiment, the selection signal SEL2 re- 
ceived by the MOSFET F5 can be replaced by the address 
signal Al and the same result can be achieved (i.e., when 
MOSFET F4 and MOSFET F5 receive the high voltage sig- 
nals, the inverted signal is at the low voltage level). 



[0035] | n the inverter 307B, like the MOSFET F3, the drain and the 
gate of MOSFET F6 are coupled to each other to form the 
drain feedback. The source of MOSFET F6 is coupled to 
MOSFET F7 and outputs the buffer signal according to the 
inverted signal. The gate of MOSFET F7 receives the in- 
verted signal and the source of MOSFET F7 is grounded. 

[0036] when the buffer circuit is required to receive more selec- 
tion signal for determination, one skilled in the art can 
connect the other MOSFETs to MOSFET F5 in the inverter 
305B in series and input the new added selection signals 
(or address signals) to the gates of the new added MOS- 
FETs to satisfy the requirement of inputting more selec- 
tion signals in an specific embodiment. 

[0037] FIG. 6 is a circuit diagram of a buffer circuit in accordance 
with still another embodiment of the present invention. As 
shown in FIG. 6, the buffer circuit includes two inverters 
305C and 307C, wherein the inverter 305C is same as the 
inverter 305A. In the inverter 307C, the gate and the drain 
of MOSFET F9 are coupled to each other to form the drain 
feedback. The drain of MOSFET F9 receives the address 
signal; the source of MOSFET F9 is coupled to the drain of 
MOSFET F10 and outputs the buffer signal. The gate of 
MOSFET F10 receives the inverted signal from the inverter 



305C and determines whether or not to turn on/off MOS- 
FET F10 based on the voltage level of the inverted signal. 
The source of MOSFET F10 is grounded. 

[0038] FIG. 7 is a circuit diagram of a buffer circuit in accordance 
with still another embodiment of the present invention. As 
shown in FIG. 7, the buffer circuit includes two inverters 
305D and 307D, wherein the inverter 305D is the same as 
the inverter 305A. In the inverter 307D, the drain of MOS- 
FET F12 receives the address signal; and the gate and the 
drain of MOSFET F13 are coupled to each other. The 
source of MOSFET F13 outputs the buffer signal. The gate 
and the source of MOSFET F13, the source of MOSFET F12, 
and the drain of MOSFET F14 are coupled together. The 
gate of MOSFET F14 receives the inverted signal from the 
inverter 305D to determine whether or not to turn on/off 
MOSFET F14. The source of MOSFET F14 is grounded. 

[0039] FIG. 8 is a block diagram of an ink jet printer in accor- 
dance with an embodiment of the present invention. As 
shown in FIG. 8, the ink jet printer includes the printhead 
drive unit 801. The printhead drive unit 801 includes the 
printhead drive circuit 803 and the printhead selection 
circuit 805. The printhead module 827 installed in the ink 
jet printer includes two cartridges and the corresponding 



printhead control circuits which are the black printhead 
control circuit 807 and the color printhead control circuit 
815. The printhead drive circuit 803 of the printhead drive 
unit 801 outputs address signals; the printhead selection 
circuit 805 outputs a set of selection signals (wherein one 
of the set of selection signals is high while the other are 
low to selectively enable one printhead control circuit). 
The address signals and the selection signal correspond- 
ing to one printhead control circuit are used to control 
whether to enable the nozzles of one printhead control 
circuit in the ink jet printer. In other embodiments, there 
can be more than two cartridges installed in the printer. 
[0040] The buffer circuit set 809 of the black printhead control 
circuit 807 of the printhead module 827 receives the ad- 
dress signal and the selection signal via the transmission 
lines 823 and 825. After receiving the buffer signal, the 
ink jetting circuit 811 will determine whether or not to jet 
out the ink based on the buffer signal. If it is determined 
to jet out the ink, the ink will be jetted out via the nozzle 
813. 

[0041] The operation of the color printhead control circuit 815 is 
same as the black printhead control circuit 807. The 
buffer circuit set 817 of the color printhead control circuit 



815 of the printhead module 827 receives the address 
signal and the selection signal via the transmission lines 
823 and 825. After receiving the buffer signal, the ink jet- 
ting circuit 819 will determine whether or not to jet out 
the ink based on the buffer signal. If it is determined to 
jet out the ink, the ink will be jetted out via the nozzle 
821. 

[0042] | n t he embodiment mentioned above, the address signals 
and the selection signals of the black printhead control 
circuit 807 and the color printhead control circuit 815 are 
sent by the transmission lines 823, 825, and 825. That is, 
the ink jet printer can control the operation of the two 
printheads in the printhead set 827 by using three signals 
transmitted by the printhead drive unit 801. It is noted 
that when one of the two printhead is driven, the voltage 
level of the selection signal of the other one printhead is 
low. If more cartridges are required, only addition of new 
corresponding selection signals is required. The new 
added printhead control circuits are only required to re- 
ceive the same address signals. 

[0043] | n addition, the buffer circuit sets 809 and 817 have a 

plurality of buffer circuits. Each buffer circuit directly re- 
ceives the address signal and the selection signal and 



outputs the corresponding buffer signal. Likewise, the ink 
jetting circuit set 811 and 819 have a plurality of ink jet- 
ting circuits. Each ink jetting circuit is coupled to a spe- 
cific buffer circuit and receives the buffer signal from the 
buffer circuit. The nozzle sets 813 and 821 have a plural- 
ity of nozzles. When the ink jetting circuit determines to 
jet out the ink, the corresponding nozzles will jet out the 
ink. 

[0044] FIG. 9 is a block diagram of an ink jet printer in accor- 
dance with another embodiment of the present invention. 
The ink jet printer includes the printhead drive circuit 801 
and the black printhead control circuit 807. Like the em- 
bodiment of FIG. 8, the printhead drive circuit 801 in- 
cludes the printhead drive circuit 803 and the printhead 
selection circuit 805 for sending the address signal and 
the selection signal. 

[0045] The black printhead control circuit 807 includes the buffer 
circuit 301, the ink jetting circuit 303 and the nozzle 901. 
The working driving voltages of the MOSFETs Fl and F2 of 
the buffer circuit 301 are controlled by the address signal 
from the printhead drive circuit 803. The gate of MOSFET 
Fl receives the selection signal from the printhead selec- 
tion circuit 805 and outputs the inverted signal to MOSFET 



F2 based on the selection signal. Then MOSFET F2 outputs 
the buffer signal to the ink jetting circuit 303 based on 
the inverted signal. If it is determined to jet out the ink, 
the ink jetting circuit will heat up the ink and the nozzle 
901 then jets out the ink. 

[0046] Although in this embodiment the black printhead control 
circuit 807 only includes one buffer circuit set, one skilled 
in the art can expand one buffer circuit set to several 
buffer circuit sets. In addition, this embodiment is also 
applied to the other color cartridges. 

[0047] | n |jg n t of the above, the printhead controller of the 

present invention can use a plurality of serial-connected 
inverters to constitute a buffer circuit for receiving one or 
more control signals to control the enable status of the 
nozzle in order to determine whether or not to jet out the 
ink. In addition, the ink jet printer of the present invention 
can use the same signals to control several printheads in 
order to reduce the circuit complexity. 

[0048] The foregoing description of the preferred embodiment of 
the present invention has been presented for purposes of 
illustration and description. It is not intended to be ex- 
haustive or to limit the invention to the precise form or to 
exemplary embodiments disclosed. Accordingly, the fore- 



going description should be regarded as illustrative rather 
than restrictive. Obviously, many modifications and varia- 
tions will be apparent to practitioners skilled in this art. 
The embodiments are chosen and described in order to 
best explain the principles of the invention and its best 
mode practical application, thereby to enable persons 
skilled in the art to understand the invention for various 
embodiments and with various modifications as are suited 
to the particular use or implementation contemplated. It is 
intended that the scope of the invention be defined by the 
claims appended hereto and their equivalents in which all 
terms are meant in their broadest reasonable sense unless 
otherwise indicated. It should be appreciated that varia- 
tions may be made in the embodiments described by per- 
sons skilled in the art without departing from the scope of 
the present invention as defined by the following claims. 
Moreover, no element and component in the present dis- 
closure is intended to be dedicated to the public regard- 
less of whether the element or component is explicitly re- 
cited in the following claims. 



